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Asset managementThe UK National Cycle Network comprises 23,660 km of cycling and walking paths of
which a signiﬁcant percentage is dedicated off-road infrastructure. This represents a signif-
icant civil engineering infrastructure asset that currently contributes to the provision of a
sustainable transport mode option nationwide. Commuting and recreational cyclists have
observed the often hazardous conditions on these paths. There are various simple mea-
sures that could be taken to improve the maintenance of such off-road paths. Reliance
on walk-over surveys (direct visual inspection) and path users notifying the local authority
may not be tackling maintenance in a resource efﬁcient manner. The proposed inspection
method includes the use of an instrumented bicycle to examine cycle path condition
through user perception of satisfaction and quality. A questionnaire was conducted to
identify the attributes of off-road cycling infrastructure people ﬁnd most important in rela-
tion to their personal satisfaction. An exploratory factor analysis was undertaken on per-
ception study data to elucidate the determination of the variables associated with
perceived user satisfaction. The study has shown that people ﬁnd maintenance issues to
be of high importance, especially surface issues. From exploratory factor analysis of results,
satisfaction has been found to load with comfort and safety. Field testing was then con-
ducted using subjective user opinions and objective vibration data. These results were then
used to assist the creation of dedicated user perception based surface condition
rating-scales.
 2015 Elsevier Ltd. All rights reserved.1. Introduction and background
Cycling contributes towards local and national policy objectives in relation to reduced emissions, tackling congestion,
increased tourism and improvements to the physical and mental health of the nation (Transport Scotland, 2010). There
has been limited attention to the acquisition of asset condition data regarding cycling infrastructure and pavement quality
(Pucher et al., 2010). Motorways, railways and trunk roads have established equipment and procedures for the collection of
asset condition assessment data. Highways have established methods to collect skid resistance, surface roughness and
deﬂection data using a range of vehicle and trailer mounted equipment (Pearson, 2012). Traditionally, direct visual inspec-
tion has been undertaken to assess cycle-path pavement condition and associated lighting, vegetation growth and ﬂooding
in the City of Edinburgh. These are time consuming and are limited in relation to the walking speed and technicalwellyn@
J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143 135competence of the surveying engineer. Hölzel et al. (2012) highlighted that there is a demand for greater information about
transmitted road vibrations in cycling. Cleland et al. (2005) concluded that the effects of surface texture and cycle-path
objects on bicycle stability are best measured with actual cyclists riding over the objects or surfaces to be evaluated.
Research methods employed, procedural design and initial results are presented for the authors’ IntelliBike: an instru-
mented bicycle that will be used to monitor the condition of off-road cycling infrastructure. A user satisfaction study was
conducted to identify the pertinent variables to be collated and analysed by the IntelliBike; and to ﬁnd if any latent con-
structs exist between the variables in order to deﬁne satisfaction. There have been historical studies which have examined
cyclist’s preferences and perceptions – none of which have speciﬁcally focused on cycle user perceptions and quality for
off-road cycle path infrastructure. From the results of the study in this paper associated rating systems will be developed
in the future.
The perception study consisted of two parts: (i) a satisfaction questionnaire (sample frame, n = 75) and (ii) ﬁeld testing
(sample frame, n = 20). The use of satisfaction analysis of infrastructure coupled with the established importance issues from
the questionnaire will improve budgetary targeting by ensuring improvements in issues with low satisfaction (rating sys-
tem) which have perceived high importance. Initial testing of the IntelliBike was conducted using feedback gathered from
the real-time quality ﬁeld study. A framework for the research method is presented in Fig. 1. Building upon previous studies,
the questionnaire used for the study focused upon off-road cycle path infrastructure, and how important people consider
contributing factors. Contributing variables being examined through the questionnaire were chosen through a literature
review combined with design and maintenance issues from current design standards. The instrumented bicycle is an asset
management tool which will allow asset stewards to make informed decisions relating to where best to spend limited allo-
cated funds in order to best manage local authorities cycling infrastructure. Taylor and Fairﬁeld (2010) presented the
IntelliBike conceptual model and proposed a contribution to existing asset management systems. Historical use of instru-
mented bicycles was examined; Table 1 provides a summary of research and applications of instrumented bicycles.
Rybarczyk and Wu (2010) applied a combination of global information system (GIS) and multi-criteria evaluation (MCE)
analysis to serve as an improved alternative to plan for optimal cycling infrastructure facilities. Russell (2012) highlighted
the importance of lighting provision on commuter routes, school routes and where usage is sustained throughout the longer
periods of darkness associated with the winter months. Furthermore, the provision of street lighting at locations where nui-
sance issues or anti-social behaviour is frequently reported can help reduce these problems. Parkin et al. (2007) conducted
research into cyclist’s perceived risks for on road cycling through numerous contributing factors. They found that facilities
(cycle-lanes) for bicycle trafﬁc along motor trafﬁcked routes and at junctions have little effect on perceived risk; they high-
lighted the question of the value added by such facilities in promoting bicycle use. They found that people value segregated
facilities more highly than on-carriageway facilities. Aksamit and Szmechta (2011) utilised mobile phone accelerometers
from car drivers to record and transmit road surface defects. The use of this technique was proposed for a large scale imple-
mentation to provide actionable data for route selection and maintenance direction.
Satisfaction is a subjective term as individuals will have their own opinion as to what constitutes a good or poor quality
cycle path. At its purest level, satisfaction is the fulﬁlment of one’s needs and pleasure derived from a task. Hence a person’s
view on personal satisfaction in relation to cycling infrastructure is directly affected by how important they feel certain vari-
ables are. If a person considers that cycle path surface quality is extremely important when they cycle, then ultimately the
quality of a path will affect how satisﬁed they are when cycling. User perceptions relating to cycle path infrastructure main-
tenance is a broad topic and has received limited attention in existing literature.
Bordagaray et al. (2012) conducted research into perceived quality of a public bicycle service in order to identify the inﬂu-
ential variables and their relevance in the overall valuation. They found that many factors inﬂuence the perception of quality.Targeted sample 
(n = 75)
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Fig. 1. Research method framework.
Table 1
Instrumented bicycle platforms and applications.
Authors Year Instrumentation utilised Application
Van Boggelen and Borgman 2000 Accelerometer and sound meter Route quality measurement and benchmarking
Niels and Mohammad 2007 Accelerometer Surface quality measurement
Champoux et al. 2007 Accelerometers and data logger Bicycle vibration testing
Thai et al. 2008 Particulate matter meter and GPS Air quality testing
Hölzel et al. 2012 Accelerometers Surface testing
Olieman et al. 2012 Accelerometers Bicycle vibration testing
Joo and Oh 2013 Accelerometers, GPS, and gyroscopic sensors Cycling evaluation
Elen et al. 2013 Multiple air quality meters Air quality testing
136 J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143However the greatest impact on perceived quality improvement was through improving safety and information.
Fernandez-Heredia et al. (2014) investigated cyclists’ perceptions in order to identify psycho-social factors which can help
to create successful bicycle policy. Through focus groups they identiﬁed fourteen factors. A survey was conducted to ﬁnd
structure and relationships among the factors. Their factors linked to four latent-variables (convenience, pro-bike, physical
determinants, and exogenous restrictions). Their primary conclusion was that convenience and exogenous restrictions (dan-
ger, vandalism, facilities) were the most important elements in understanding the attitudes towards bicycle use. The study
did not consider cycling infrastructure. Winters et al. (2011) conducted a survey with current and potential cyclists to eval-
uate motivators and deterrents of cycling. With factor analysis the seventy-three survey items were grouped into ﬁfteen fac-
tors. The factors which they found to hold the most inﬂuence on likelihood of cycling were: safety; ease of cycling; weather
conditions; route conditions; and interactions with motor vehicles. They highlighted that the results indicated the impor-
tance of the location and design of bicycle routes to promote cycling2. Perception study method
In examining the quality of off-road cycle path infrastructure, it was considered appropriate to link the condition rating
system directly to the perception of path users (cyclists). The data may then be used to show how satisfactory a path is and if
it is maintained to a suitable level of condition. Hence, determining where maintenance is required may be derived from user
feedback and the IntelliBike rating system. To examine factors of importance and to assist the development of a rating sys-
tem for these variables a user questionnaire was developed in conjunction with cycle path subjective and objective (instru-
mentation) tests.2.1. User importance and satisfaction perception questionnaire
The questionnaire surveys had a dual purpose. Firstly, to ﬁnd which issues cyclists perceive to be the most important
when they are using a cycling path. Secondly, to identify, through factor analysis, which (if any) latent variables satisfaction
is associated with. The questionnaire asked participants to categorise their cycling ability and how often they cycled.
Volunteers were identiﬁed and selected through an email and university campus poster campaign.
The questionnaire shows respondents twenty-four factors and asks them on a scale of one to ﬁve ‘When cycling on an
off-road cycle path, how important are the following factors to you?’ (Table 4). Generally, the questions cover most variables
that may inﬂuence people’s perception of satisfaction but focus on infrastructure. The factors were selected following the
identiﬁcation of issues raised in historical literature (Table). The Likert rating scale was, 5 – extremely important; 4 – veryTable 2
User perception questionnaire sample frame (Part (a), n = 75).
Gender Male Female
48 27
Age <20 21–30 31–40 41–50 51–60 61–70 71<
3 5 18 22 19 6 2
Cycling ability Excellent Good Average Below average None
21 35 12 6 1
Fitness level Very ﬁt Fit Somewhat ﬁt Not very ﬁt Unﬁt
9 28 29 9 0
How often do you cycle? Every day Frequently Occasionally Rarely Never
22 26 16 8 3
Which do you prefer? On-road cycling Off-road cycling No preference
11 37 27
J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143 137important; 3 – somewhat important; 2- not very important; and 1 – not at all important. A diverse range of respondents (75)
completed the questionnaire from varying backgrounds and cycling abilities (Table 2).
2.2. Surface comfort perception testing
The IntelliBike utilises an accelerometer (vibration measurement) to categorise surface roughness and defects that can
then be used for surface assessment. Excitations caused by the bicycle wheel and tyre against the path surface are recorded
in real time as the bicycle is ridden. However, raw data gathered by an accelerometer is not categorised. A system was
designed that combines objective (vibration data) and subjective (cyclist perceptions) data. A surface comfort perception
study was conducted that collated opinions. Participants were tasked with cycling three short routes and asked to give
real-time feedback relating to their comfort due to vibration levels. A bicycle ﬁtted with an accelerometer (Shock
101 ± 5 g) was ridden over the routes to attempt to correlate the data with the opinion of the cyclists. The accelerometer
takes readings every one second and logs the peak reading over that timeframe. Amalgamating the data and examining pat-
terns in opinion and vibration levels due to defects and surface quality facilitated the creation of a condition rating system
for surfaces. The study considered solid asphalt surfaces.
Volunteers were gathered from a university poster campaign, and by direct word of mouth (the volunteers were separate
from that of the questionnaire). The sample frame being students and staff based at the Edinburgh Napier University
Merchiston campus. Twenty volunteers took part (Table 3). Volunteers were asked to cycle on their own bicycle. The three
routes were approximately ﬁve hundred linear metres. The routes were of varying condition and have varying defects and
surfaces. Volunteers bicycles were ﬁtted with an on-board camera and microphone which logs their opinion as to their com-
fort levels. Their bicycle was also ﬁtted with a bicycle computer which logged their distance, locations, speed, and time.
Volunteers were asked to cycle at approximately 9–12 mph. The instrumented bicycle was cycled over each route once.
The bicycle speed was kept to a similar level of that of the respondents. The tyre pressure throughout the tests was
30 Psi. The Likert scale rating values were; 5 – Vey comfortable; 4 – Comfortable; 3 – Average; 2 – Uncomfortable; and 1
– Very Uncomfortable. The routes can be summarised as follows:
 Route 1. New smooth surface. The path was recently constructed and overall is of very high quality.
 Route 2. Older rough/smooth surface with hazards. The path is overall of good quality however there are numerous sur-
face abrasions as well as raised sections that can be hazardous if not approached properly.
 Route 3. An old rough surface with defects, this is again a mixed path. It has the worst surface of the three. There are many
ruts and bumps along this path and has almost universally suffered from surface abrasion over recent years.
3. Results and analysis
3.1. User importance and satisfaction perception questionnaire
3.1.1. Importance
Table 4 provides a summary of the overall importance levels derived from the questionnaire, in conjunction with Fig. 2
which provides a breakdown by respondent sub-groups to establish whether opinions vary between groups. Overall there
are exactly 12 factors that are rated below 2.5 and 12 that are rated over 2.5. The most important factor is that the path
is free from debris (4.40), this also accounts for every subclass except the 41–50 age group which ﬁnds that linkage to
key destination is most important. Overall the least important factor is that the path has facilities (parking, seating, etc.)
(2.41), this also accounts for the vast majority of sub-groups. Other issues such as the path being free from fallen leaves
(2.95) and the incline of the path (2.72) also scored lower results and appear to be of less importance.Table 3
Comfort perception study sample frame (Part (b) n = 20).
Gender Male Female
14 6
Age 21–30 31–40 41–50 51–60 61–70
4 3 7 5 1
Cycling ability Excellent Good Average Below average None
5 9 3 1 0
Fitness level Very ﬁt Fit Somewhat ﬁt Not very ﬁt Unﬁt
2 7 10 1 0
Average cycling speed Leisurely pace Average Sporting
(0–7 mph) (8–15 mph) (16 mph+)
1 16 3
Avoid route if not maintained to comfortable standard Yes No Maybe
9 1 10
Table 4
Survey questions in order of found importance.
Nr. Variables Mean Median Mode Standard
deviation
Overall respondent breakdown (%)
1 2 3 4 5
6 Path is free from debris (broken glass, stones) 4.4 5 5 0.90 2.67 1.33 8.00 29.33 58.67
3 Path is free from surface defects (potholes, root damage,
broken up surface)
4.18 4 5 0.96 1.35 5.41 13.51 33.78 45.95
19 Path links to key destination (city centre, place of work,
shopping district, etc.)
4.11 4 5 1.11 4.00 9.33 4.00 37.33 45.33
23 Safety 4.05 4 5 1.02 1.35 8.11 16.22 32.43 41.89
18 Path links to other parts of the off-road network 3.93 4 5 1.09 1.33 13.33 14.67 32.00 38.67
1 The vegetation is maintained to a suitable standard (signage
not blocked, path width not reduced, sight lines not reduced)
3.85 4 5 1.09 2.67 9.33 22.67 30.67 34.67
2 Surface roughness 3.83 4 4 0.98 1.33 9.33 21.33 41.33 26.67
24 Personal Satisfaction 3.72 4 4 0.93 2.70 5.41 28.38 44.59 18.92
20 Path is direct (cutting down travel time) 3.69 4 5 1.23 5.33 14.67 18.67 28.00 33.33
8 Air quality 3.65 4 4 1.05 2.67 10.67 29.33 33.33 24.00
21 Attractiveness 3.55 4 4 1.02 2.67 13.33 28.00 38.67 17.33
22 Comfort 3.53 4 4 1.02 4.00 12.00 25.33 44.00 14.67
11 Path has direction signs 3.49 4 4 1.26 6.85 20.55 13.70 34.25 24.66
12 Path has lighting for cycling at night 3.47 4 5 1.38 10.67 17.33 18.67 21.33 32.00
4 Path is free from standing water (puddles) 3.41 4 4 1.15 4.00 22.67 20.00 34.67 18.67
16 Path is segregated from pedestrians 3.38 3 3 1.26 6.76 20.27 27.03 20.27 25.68
15 The surface type 3.36 4 4 1.30 12.16 14.86 17.57 35.14 20.27
7 Path free from vandalism (signage grafﬁti, damaged lighting) 3.32 3 4 1.07 6.76 13.51 32.43 35.14 12.16
14 The path width 3.29 4 4 1.22 8.00 22.67 17.33 36.00 16.00
10 Path has vegetation running along it (trees, bushes, grass) 3.24 3 3 1.11 6.76 17.57 33.78 28.38 13.51
9 Sound levels (noise pollution) 3.17 3 3 1.11 6.67 21.33 32.00 28.00 12.00
5 Path is free from fallen leaves 2.95 3 3 1.20 13.33 22.67 30.67 22.67 10.67
13 The incline of the path (ﬂat, hilly) 2.72 3 3 1.25 18.67 26.67 30.67 12.00 12.00
17 Path has facilities (parking, seating) 2.41 2 2 1.26 28.00 32.00 20.00 10.67 9.33
138 J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143The issues which relate to the cycle path surface (roughness (3.83), defects (4.18), type (3.36), and standing-water (3.41))
are a group with mixed ratings. The issues which directly link to the surface through possible maintenance issues (roughness
and defects) score higher results and appear to be of greater importance. Overall issues such as air quality (3.65) and sound
levels (3.17) fall into the midrange of importance. Issues relating to the network design scored higher with respondents ﬁnd-
ing them to be of higher importance (links to other parts of network (3.93), links to key destinations (4.11), and the path is
direct (3.69). Subjective variables included in the questionnaire were overall favoured with high importance; safety (4.05),
satisfaction (3.72), attractiveness (3.55), and comfort (3.53). Physical design issues included in the questionnaire were
favoured overall with lower importance than other variables.
Variations between subgroups were not as diverse as originally anticipated. Groupings that had minimal variations were
cycling type preference and ﬁtness level. Fig. 2 shows a clear separation between male and female responses to importance
with females showing a greater level of importance to factors than males.
Questions regarding maintenance issues had a diverse response; they were overall favoured with high importance with
the exception of fallen leaves (2.95). Allocation of funds for maintenance and upkeep is a priority for local authorities. From
this study the only clear upkeep variable that is of less importance is fallen leaves, however this upkeep feature is very sim-
ilar to free from debris (4.40), which was deemed most important and is of a similar maintenance regime. Overall the two
variables with the highest importance according to respondents are both maintenance issues; this shows the importance of a
cycle path being well maintained in order for cyclists to ﬁnd the route satisfying.
General maintenance issues and upkeep are important, and overall have been deemed to be important by respondents.
The IntelliBike will examine vegetation levels, surface quality, surface issues (defects, debris), and night lighting levels. In
addition to noting certain aspects of the path, speciﬁcally width and surface type. As the network layout has been found
to be of high importance to respondents the IntelliBike may be utilised to further examine how convenient routes are regard-
ing travel time for a number of transportation methods; similar to that of the Dutch Fietsersbond (Van Boggelen & Borgman,
2000).3.1.2. Factor analysis
Utilising exploratory factor analysis the study aimed to establish a relationship between latent variables to group
together factors and establish which of these cyclists associate with satisfaction. Table 5 shows an importance pattern matrix
created from the importance questions. Five latent variables where established from the Scree test. As latent variables have
to be interpreted according to the factors that are grouped within, interpretation is subjective and dependent on the group-
ing of the factors. Removing of leaves was not included during the factor analysis as respondents favoured it with less
importance.
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Bartlett’s test of sphericity was <0.001 (X2 = 998.14, df = 231, p = 0.000) indicating the samples met the criteria for factor
analysis. The methods selected to provide simple structure were principal components analysis, scree test, and rotation of
signiﬁcant factors by Direct Oblimin.
Path having lighting at night did not load onto any latent variable. From the groupings of the ﬁve latent variables patterns
have emerged. The latent variables can be described as:
1. Maintenance – relating to issues regarding the general maintenance and upkeep of the network.
2. Environment – relating to issues regarding the natural and urban environment.
Table 5
Importance and satisfaction pattern matrix.
Component
1 2 3 4 5
Defects 0.911
Debris 0.820
Roughness 0.795
Veg. maintenance 0.754
Puddles 0.699
Vandalism 0.570
Surface type 0.415
Sound 0.907
Air 0.874
Veg. presence 0.851
Attractiveness 0.526
Key Destinations 0.942
Linkage 0.803
Direct 0.612
Facilities 0.870
Incline 0.719
Width 0.706
Segregation 0.590
Signage 0.566
Personal Satisfaction 0.744
Safety 0.412
Comfort 0.443
140 J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–1433. Network – relating to the network as a whole and the physical layout of the city.
4. Design – relating to the physical design of a path and the features therein.
5. Personal satisfaction – relating to subjective cyclist issues. The research intended to deﬁne satisfaction terms for cyclists.
It is a subjective issue and has been found to link with other subjective issues.
The questionnaire additionally asked people ‘How satisfactory to cycle do you consider these surface types?’ again with
the same ﬁve latent variable options. Table 6 shows the average response for each. The results indicate that asphalt surfaces
are rated as most preferable regarding satisfaction. This can be interpreted as people directly associating satisfaction with
comfort which enforces the data found in the EFA.3.1.3. User surface comfort perception testing
Surface quality was noted as being an important issue to respondents; therefore, the IntelliBike will examine surface
quality through user perception. Fig. 3 shows the rated opinions of comfort from volunteers and the IntelliBike accelerom-
eter results. As speeds between volunteers and the IntelliBike varied distance was used as a constant, data was separated into
5 m increments. Comparisons between each set of graphs do show correlation between the datasets. At this stage the
IntelliBike is capable of distinguishing between different standards of path surfaces. The correlation between the two sets
of data for the three runs was calculated using the Pearson correlation coefﬁcient. For routes presented in Fig. 3, the
Pearson correlation coefﬁcient for volunteer response and vibration logger feedback is 0.516, 0.772, and 0.390 respectively,
which is signiﬁcant for all three (p < 0.001 for a two-tailed test). These values show a positive correlation between the data-
sets. The association is moderate for route three (0.3 < |r| < 0.5), and strong for routes one and two (0.5 < |r| < 1) (Cohen,
1988). Limitations in these levels at this stage can include GPS errors, data, sync issues, and variations among levels of data.
The surface comfort perception study and subsequent IntelliBike testing yielded the following results:Table 6
Surface material and ﬁnish (type) satisfaction.
Surface material and ﬁnish Mean Median Mode Standard deviation Overall respondent breakdown (%)
1 2 3 4 5
Asphalt/bitumen 4.546 5 5 0.83 1.33 2.67 5.33 21.33 69.33
Concrete 3.746 4 4 1.13 5.33 9.33 18.67 38.67 28.00
Concrete block, paving stone 3.573 4 4 0.93 1.33 12.00 29.33 42.67 14.67
Surface dressed course material 2.861 3 3 1.08 11.11 26.39 33.33 23.61 5.56
Unbound 2.293 2 2 1.16 26.67 40.00 17.33 9.33 6.67
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Fig. 3. Rated opinions of comfort perception and accelerometer data.
J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143 141 Route 1. Overall people agree that this path is of a very comfortable standard, there are a few sections along the path that
have tactile paving of which people rated slightly lower. The accelerometer data shows that the vibration levels measured
are minimal.
 Route 2. This older path was also rated overall between very comfortable and comfortable by volunteers with the excep-
tions being the large raised sections along the path. People tended to rate these sections between uncomfortable to very
uncomfortable, there averages being brought down by the more experienced cyclists who did not ﬁnd them an issue. The
accelerometer data is noticeably more diverse for this route, with the vibration levels taking a similar path as the volun-
teer responses.
142 J.C. Calvey et al. / Transportation Research Part A 78 (2015) 134–143 Route 3. This ﬁnal route is the most degraded of the three route surfaces and the route that splits volunteer opinion the
most. The route goes through sections where overall the rating changes between comfortable to uncomfortable. The
accelerometer found this route to have the greatest level of vibration levels, peaking at a few large defects.
As the participants were a diverse collection of people (experience, age, ﬁtness, etc.) the comfort ratings the participants
gave were just as diverse. While some people thought certain sections were very uncomfortable, some thought they were
average and even comfortable. It is these diverse opinions which should prove to be most valuable. The data gathered will
facilitate the development of an appropriate rating systemwhich will distinguish between surface quality and provide objec-
tive surface defect assessment. Preliminary testing and evaluation has proven that variations among quality can be estab-
lished to provide a suitable rating scale for the City of Edinburgh off-road cycle path network.4. Conclusions
Local authorities require knowledge and understanding of the existing condition of their cycle paths. The more informa-
tion they have regarding their networks, the better prepared they will be for tackling maintenance and upgrade works. For
cycle-path asset management it is clear that while one person undertaking direct visual inspection of a path may be reliable,
it certainly has a limited scope. The proposed user perception based rating system amalgamated numerous respondents’
opinions. The implementation of the proposed system as an asset data collection tool will ensure more efﬁcient use of lim-
ited resources in relation to maintenance, repair, renewal and auditing of new cycling infrastructure.4.1. User satisfaction and importance surveys
The primary research objective was to develop a user perception study to identify the pertinent issues that the IntelliBike
would consider. General maintenance and upkeep has been deemed to be important by respondents. Vegetation levels, sur-
face quality, surface issues (defects, debris), and night lighting levels will be considered by the IntelliBike. In addition certain
key aspects of the path, speciﬁcally width and surface type, will be noted as they have been found to be of importance and
relate to maintenance of a path.
From the results of exploratory factor analysis, the study has shown ﬁve latent variables emerge one of which is satisfac-
tion which links with comfort and safety. This provides a clear deﬁnition when using satisfaction as the base for associated
user rating scales. From the results of the user perception study it is clear that exploratory factor analysis is a useful tool in
elucidating the determination of the variables associated with cycle-path satisfaction.
As the sample frame was restricted to University campus members, which was restricted by student and faculty, overall
completion numbers have been limited and reduced the scope of current results. Further results from public respondents
will be targeted in the future in order to generate a more complete database. However with the number of responses cur-
rently agreeing on many factors importance, it may be that the results prove to be similar.4.2. User surface comfort perception testing
A suitable foundation has been developed for the surface quality rating system to be implemented using the IntelliBike.
The bicycle accelerometer and associated instrumentation can distinguish between different surface (pavement) qualities.
Combining this with cyclist’s perceptions has contributed to the development of appropriate rating scales for cycle path sur-
face quality assessment. A link between user perceptions (subjective data) and vibration data (objective data) has been
established and a correlation between datasets has been found. The cyclists being of similar category may be a limitation
at this stage (regular commuters), however volunteers were not selected using quota sampling and sampling a broader cross
section of the cycling community may be worth consideration for future work.5. Future work
The authors will continue to test the bicycle on other routes throughout Edinburgh to establish a larger database in order
to enhance and improve the system for rating surface quality. Though Edinburgh has a diverse network it is still a small city,
so the IntelliBike team are interested in furthering its development through testing in The Netherlands, Denmark, and in
other parts of Scotland and the UK. As the network layout has been found to be of high importance to respondents the
IntelliBike may examine how convenient routes are regarding travel time for a number of transportation methods.
It is envisioned that the IntelliBike will provide cycling infrastructure asset condition monitoring to local authorities. For
the Edinburgh network the IntelliBike will measure the impact of infrastructure maintenance and improvement programmes
by providing comparative data showing the ‘before and after’ condition of off-street infrastructure. Through testing of
off-road paths a similar system and procedure for undertaking on-road cycle path quality and condition monitoring will
be targeted. The research team is currently developing the end user geospatial data system that will contribute to existing
local authority global information system asset management databases.
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